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ABSTRACT
The purpose of this study was' to determine the influence of 
resistance and frequency of pedalling on heart rate in work performed 
on a bicycle ergometer. A secondary purpose was to determine the most 
efficient pedal frequency setting for any given work task.
Two paired sets of seven exercises were performed by each of 
five subjects. In one set of tests the resistance was held constant 
and the frequency varied while the other set contained tests which 
held the frequency constant but varied the resistance.
A brief summary of the findings show:
1. That work output on a bicycle ergometer will vary according 
to the settings used on the ergometer. Both high and low frequency 
settings elicit higher heart rates than more moderate frequency 
settings.
2. The series of tests holding resistance constant elicited 
the greater heart rate and thus, it must be concluded that the variable 
factor in this set, i.e., frequency, had the greater effect upon heart 
rate.
3. Efficient frequency settings for a bicycle ergometer work 
task depend upon the intensity of the work to be undertaken. If the 
work load is low, the pedal frequency is best set at approximately 40 
revolutions per minute. As the intensity of the task is increased, 
the more favorable pedal frequency becomes higher to a maximum of 65 




Introduction to the Problem
During the last twenty years, considerable research has been 
attempted in the field of exercise physiology. Much of this investi­
gation has been concerned with specific situations concerning the 
effects on performance or work output of a given training situation.
In addition, much of this type of research has been directed toward 
improving the performance of the athlete competing at a maximum level 
rather than toward improving the physical efficiency of all members 
of the population.
Research which directs its conclusions toward very specific 
situations is obviously important in the field of exercise physiology. 
However, there is a great need for further knowledge of the more basic 
factors which are involved in physical movement and physical work. A 
primary function of a physical educationalist is the prescription of 
exercise and this implies a sound knowledge of all facets of human 
movement. Exercise physiologists must become aware of the basic com­
ponents which make up work or exercise and be prepared to form their 
interpretations and conclusions on the basis of a sound knowledge of 
this area rather than on the many assumptions which presently exist. 
Knowledge of this type, which is not specific in nature, could be 
adapted to all processes involving physical work and not be restricted
to the performance of the trained athlete.
1
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The purpose of this study was to define the components of 
work and to determine their effect upon the work output of man.
Nature and Scope of the Study
In general, phasic work consists of two basic components, a 
resistance of some type and a frequency of movement. Any given total 
work output can be achieved in an infinite number of ways by altering 
either of these two factors. For example, either a low resistance and 
high number of repetitions or a high resistance and a low number of 
repetitions may make up the same work output. Although the same total 
work output is achieved with either of these variations, it is known 
that the energy expenditure to complete the task will vary with the 
make-up of the task. An exact understanding of these components should 
lead to an increase in efficiency in the performance of any physical 
task.
These two components can be easily studied and manipulated on 
a bicycle ergometer in the form of resistance to pedalling and the 
frequency of pedalling. This study was aimed at determining the 
influences of resistance and frequency of pedalling on heart rate in 
work performance on a bicycle ergometer. Basically, an attempt was 
made to determine which of the factors has the greater effect upon 
heart rate and also to determine a point where energy expenditure, in 
terms of heart rate, is lowest.
Delimitations of the Study
The major delimitation of this study concerned the selection 
of subjects. Five male athletes from the University of North Dakota 
were the subjects used. These subjects all maintained a fair degree 
of physical fitness and were of similar body build.
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Testing was also delimited to one basic parameter of energy 
output, heart rate per minute.
A further delimitation of the study was that no attempt was 
made to explain any differences in heart rate that occurred between the 
two sets of exercises. The purpose of this study was delimited to 
determine if a difference in heart rates did occur and if so, which of 
the two components of exercise appeared to have the greater effect in 
determining this difference.
Assumptions of the Study
It was assumed that the training effect and the influence of 
practice at maintaining a set frequency of pedalling were minimized by 
randomization. Even small differences in heart rate caused principally 
by the practice effect created difficulties in the interpretation of 
data.
Definition of Terms
Heart rate.— "The number of ventricular beats per minute as 
counted from records of the electrocardiogram (10)." (R spike) 
Expressed in terms of beats per minute.
E.C.G.— An electrocardiogram recording— a recording, by an 
electronic apparatus, of the electrical potentials which cause the 
cardiac muscle to contract. (Also written as ECG.)
E.M.G.— An electromyogram recording— a recording, by an 
electronic apparatus, of the electrical potentials which cause the 
cardiac muscle to contract. (Also written as EMG.)
Ergometer.— An apparatus for measuring the work performed by
a group of muscles.
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Frequency.— The rate of pedalling by the subject. One complete 
turn of the drive wheel is the equivalent of six meters in distance. 
Expressed in terms of pedal wheel revolutions per minute.
Resistance.— A mechanical adjustment made to the bicycle 
ergometer which provides a resistance against pedalling. Expressed in 
terms of kiloponds.
Settings.— The adjustments of resistance and frequency in 
order to produce a particular exercise load.
Work Output.— The amount of work performed during each test.
It is determined by the product of the resistance and frequency 
settings. Expressed as kilopond meters per minute.
Review of Related Literature
Energy consumption during a work test can be measured by either 
direct or indirect calorimetry methods. By far the simplest method is 
the indirect technique which measures oxygen uptake and then converts 
this information to a true energy consumption reading in the form of 
calories per minute. However, even this method demands considerable 
skill, experience and equipment. Because of this heart rate is often 
used as a predictor of energy output.
The use of heart rate as a predictor of energy output has been 
investigated by many researchers. Malhotra, Gupta and Rai (1) tested 
seven subjects in varying types of physical activity and measured both 
heart rate and oxygen uptake. From these data, they compiled regression 
equations which enabled them to measure energy consumption with an 
error ranging from 0.6 per cent to 7 per cent for pulse rates above 75 
beats per minute.
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Astrand and Rhyming (2) have also presented evidence of the
strong relationship between heart rate and energy consumption. These
authors constructed a nomograph by which the aerobic capacity or
maximum oxygen uptake of any individual, could be calculated directly
from heart rate. In this study the prediction tables were obtained
ofrom the results of tests completed on the bicycle ergometer. Astrand 
(3) developed this test to the point where it was possible to predict 
maximal oxygen uptake from heart rate with an error of from 10 per cent 
to 15 per cent. Thus, these researchers have determined that there 
does exist a linear relationship between heart rate and the best 
indirect measure of work output, oxygen uptake.
Although heart rate is a good predictor of energy consumption 
it can be affected by extraneous variables and thus give a false indi­
cation of the amount of work being undertaken by a subject. Antel and 
Gumming (4) showed that even minor emotional stimulation can have an 
accelerating effect upon heart rate. This study found that the appear­
ance of a relative of the subject produced an increase of from four to 
seven beats per minute. This increase appeared to be additive to the 
effects of exercise rather than to be blocked by exercise.
The use of a metronome to provide the stimulus for the setting 
of a frequency of pedalling has been the subject of research by 
Bolonchuk (5). In this study, Bolonchuk brought forth evidence that 
indicated there was no significant difference between the rate of 
pedalling as set by a metronome and the actual rate of pedalling as 
achieved by the subject. In this study, Bolonchuk used subjects who 
were inexperienced in the use of a bicycle ergometer and tested their 
response at several different frequencies. Although the difference
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between set frequency and actual frequency became greater as a higher 
cadence was used, Bolonchuk concluded that inexperienced subjects could 
maintain a set frequency of pedalling with only minimal error (less 
than 1 per cent).
Although much research has been conducted using exercise or 
work tasks as a part of the test situation, little study has been 
conducted on the structure of exercise itself. B^je (6) studied the 
effect of energy consumption on the lengths of steps of well trained 
runners. He found that during a quick walk there is a greater con­
sumption of energy than during a run at the same speed. This researcher 
attributed this to the fact that in order to increase the speed of 
walking, the tendency was to increase the frequency of steps rather 
than to lengthen the stride. Thus, B^je found at any constant but low 
speed, the greater the frequency, then the greater was the energy 
consumption.
Hcfgberg (7) also conducted research on energy output and stride 
frequency. This study was concerned with running and sought to find 
the most economical stride length and frequency of stride of a trained 
runner for any constant speed. Hogberg found that as the stride length 
increased, and thus the frequency decreased, the energy consumption 
rose markedly. By shortening the stride and increasing the frequency 
Hhgberg also found an increase in energy consumption although not to 
the same extent as when the frequency decreased.
Similar research has been conducted by Knuttgen (8) who studied 
the effect of varied running on energy expenditure using both undeter­
mined and determined stride lengths. In both series of tests Knuttgen 
ran his subjects for ten minutes and took oxygen uptake and pulse
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readings while his subjects maintained a steady state. This researcher 
found that in both series of tests a nearly rectilinear relationship 
existed between oxygen uptake and running velocity to the second power. 
Pulse rate was also nearly rectilinearly related to oxygen uptake.
Knuttgen corroborated the findings of HSgberg and B/je in that 
he found that in order to increase speed the most economical technique 
was to increase stride length rather than stride frequency. During 
the undetermined stride length series of tests, speeds from 9 to 16.50 
kilometers per hour were used. However, in the determined series, 
stride length of 77 centimeters, Knuttgen found that the subjects were 
unable to run at speeds greater than 11.06 kilometers per hour. In the 
undetermined stride length series, the runners almost doubled their 
stride length (from 77 centimeters to 145 centimeters) but slightly 
decreased their frequency of stride (from 194.8 strides per minute to 
189.3 strides per minute).
The same type of study was conducted by Miller and Elbel (9) 
who studied the effects of various cadences on pulse rate using a step- 
up test. This study, which did not hold the total work load constant, 
found that a moderate rate of 24 steps per minute was the most satis­
factory and produced the least amount of variation in results.
Similar research has been conducted on the bicycle ergometer in
an attempt to find the most efficient rate of pedalling for a given
awork task. For a load of 900 kilopond meters per minute, Astrand and 
Rodahl (10) recommended a resistance of either 2.5 or 3.0 kilopond while 
holding the frequency at 60 and 50 pedal revolutions per minute respec­
tively. Research by Koenig (11) indicated that more favorable settings 
for a work load of 900 kilopond meters per minute were 2.0 kilopond with
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a frequency of 75 pedal revolutions per minute. Koenig used five dif­
ferent tests in this study: 30 rpm at 5.0 kg; 37.5 rpm at 4.0 kg;
50 rpm at 3.0 kg; 75 rpm at 2.0 kg and 100 rpm at 1.5 kg. This research, 
which used both oxygen consumption and heart rate as parameters of 
energy output, found that the last test, which used a high frequency 
speed of 100 rpm, created a correspondingly greater increase in energy 
output than did tests using a frequency speed below the optimum of 75 
rpm. Another study by Kettleson and Lawson (12) indicated that the 
most favorable setting for a 900 kilopond meter per minute task was 
2.5 kilopond with a pedal frequency of 60 revolutions per minute.
A study by Bolonchuk (13) recognized that energy output differed 
according to the make-up of the work task and attempted to define the 
component which appeared to be creating the difference in energy output. 
This study used work loads of a low intensity (810 kpm/min), a moderate 
intensity (1215 kpm/min), and a high intensity (1620 kpm/min) with five 
estimators of energy output (heart rate, inspired volume, oxygen 
consumption, oxygen debt and oxygen requirement) as the dependent 
variables.
At the 810 kpm/min. level, Bolonchuk found no significant 
difference in his dependent variables between low resistance, high 
frequency tasks or high resistance, low frequency tasks. At the 
moderate level of 1215 kpm/min., he concluded that the work setting 
with the highest resistance and lowest frequency produced significantly 
higher responses in the dependent variables than the setting x̂ it’n low 
resistance and high frequency. However, when the work load was in­
creased to 1620 kpm/min., this position was reversed with the setting 
of highest frequency recording the greatest response. At this higher
9
load, only two of the variables, net oxygen debt and oxygen requirement, 
were significantly different. From this study Bolonchuk concluded,
It appears then that the variable response is related 
to a critical value for resistance or rate of repetitions 
or a combination of these two factors at which level one 
exerts a dominant influence over the other in terms of 
the variable response.
An examination of the related literature shows that the use of 
heart rates as a measure of energy consumption is reliable and valid. 
However, care must be taken to eliminate extraneous variables which 
could add to the energy cost of any given work task. The use of a 
metronome to set the frequency also appears justified in light of the 
investigations by Bolonchuk (5). In addition, the literature shows 
that frequency may well be the dominant factor in determining energy 
consumption. Those studies which involve stride frequency (6, 7 and 8) 
and step-up tests (9) presented evidence to show that there is an 
optimum frequency and any variation in this frequency causes greater 
expenditure of energy without an increase in work output. Studies on 
the bicycle ergometer (10, 11, 12 and 13) have shown that by varying 
the work settings within any given work load, it is possible to cause 
variations in energy expenditure. There appears to be little evidence 
as to which factor, resistance or frequency, is of the greater importance 





The test used in this study was an adaption of the six minute
osub-maximal bicycle ergometer work test as described by Astrand (3). 
This test consisted of a five minute pre-exercise rest period followed 
by a six minute work effort on the bicycle ergometer and a five minute 
post exercise rest period. The heart rate for each subject was 
continually monitored during the test with the heart rate during each 
minute being the recorded variable for each test. Each of the subjects 
was asked to perform a series of 14 tests at various work loads. The 
series of 14 was divided into two sets of seven tasks (Set A, Set B), 
with the same seven work loads used in each set. Thus, each test from 
Set A had a common factor with a test from Set B in that their total 
work load was equal. In addition, a common factor operated within each 
set. In Set A this was a common resistance of 2.50 kilopond with 
varying frequencies of pedalling. Set B maintained a common frequency 
of 50 pedal revolutions per minute but varied the resistance. In both 
sets of seven tasks, the total xrork loads increased equally in units 
of 150, from 300 kilopond meters per minute to 1200 kilopond meters per 
minute.
The 14 tasks completed, divided into Set A and Set B, ysed the 




WORK SETTINGS FOR SET A (CONSTANT RESISTANCE)




Total Work Load 
(In kpm/min)
1 2.50 20 300
2 2.50 30 450
3 2.50 40 600
4 2.50 50 750
5 2.50 60 900
6 2.50 70 1050
7 2.50 80 1200
TABLE 2
WORK SETTINGS FOR SET £ (CONSTANT FREQUENCY)
Test Number Resistance Frequency Tota.. Work Load
(In kilopond) (In pedal rev/min) (In kpm/min)
1 1.00 50 300
2 1.50 50 450
3 2.00 50 600
4 2.50 50 750
5 3.00 50 900
6 3.50 50 1050
7 4.00 50 1200
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Subj ects
Subject selection was delimited to male members of the 
University of North Dakota. The subjects were either members of the 
University of North Dakota Track Team or faculty members of the 
Department of Health, Physical Education and Recreation. Subjects of 
above average fitness were required, as the work levels of some tests 
would be beyond the untrained athlete. Members of the track team were 
used as subjects, as some control could be established over their daily 
regimen and thus, the effect of some extraneous variables could be 
reduced or eliminated. Subjects were also selected on the basis of 
body size, as this factor is important in energy requirement for a 
given work task (11, 14). Hence, subjects were approximately equal in 
height and weight. Because of the number of tests involved, the time 
required to complete the tests and the need for matched subjects, it 
was decided to limit the number of subjects to five. Further, 
availability of subjects to be tested reduced the possible number of 
subjects to five, these being the subjects who participated in the 
study. The age range of these subjects was 18 to 24 years. The age, 
heights and weights of these subjects are presented in Table 3.
Experimental Method
The testing equipment used in this study was categorized into 
two areas; electronic devices and mechanical devices. For the objectives 
of this study, the necessary electronic equipment consisted of a device 
capable of recording heart rates while the subjects were undergoing work 
tasks and another which maintained a cadence for the frequency of 
pedalling. The mechanical device, a stationary bicycle ergometer, was 
used to set and maintain the work loads used throughout the study.
TABLE 3
AGE, HEIGHT AND WEIGHT OF SUBJECTS
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Subject Age (yrs.) Height (ins.) Weight (lbs.)
1. R.M. 24 70 160
2. T.G. 18 73 165
3. B.W. 19 74 159
4. S.G. 19 72 159
5. B.R. 19 74 165
Means 19.8 72.3 161.6
The device used to aid in accuracy of pedalling was a Franz
electric, audio-visual metronome. Optimum use of this metronome in a 
testing situation of this type was achieved when the device was mounted 
on the front support of the bicycle ergometer. By using this position 
both the audio and visual stimuli could be used by the subject. The 
subjects were instructed to extend each leg on each stimulus from the 
metronome. Thus, the extension of both the right and left leg, which 
required two stimuli from the metronome, caused one complete pedal 
wheel revolution. As a result, in order to achieve a given pedal wheel 
frequency per minute, the metronome was set to exactly twice that 
figure. In order to achieve a high degree of reliability, the metro­
nome was given a 10 minute warm-up period before the commencement of 
each test. Additionally, the subjects began each test with the right 
leg in full extension and received some coaching from a tester in order 
to maintain the set frequency.
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In order to ensure an accurate response from the metronome, 
the device was tested over the time period to be used for each work 
task. The metronome was given a 10 minute warm-up period and then 
tested at various frequencies for a six minute period until the most 
satisfactory settings were established. For the desired frequencies 
it was established that the following settings would have to be used:
i. for 80 RPM a cadence of 168,
ii. for 70 RPM a cadence of 148,
iii. for 60 RPM a cadence of 129,
iv. for 50 RPM a cadence of 108,
V . for 40 RPM a cadence of 88,
vi. for 30 RPM a cadence of 67,
vii. for 20 RPM a cadence of 45.
The instrument used to record the direct heart rates of the 
subjects during their work tasks was a Physiograph Six Rectilinear 
recording device. On this instrument, electrical impulses which cause 
the cardiac muscle to contract were traced, magnified and recorded. By 
permanently recording these impulses on paper, it was possible to get 
an exact record of the heart rate at any time during the work tasks. 
Before commencing each work task, the subject was connected to the 
recording device. Two silver plated electrodes which were used to 
pick up the electrical impulses were attached to the subject's body on 
the chest wall below the nipple. The grounding electrode was placed 
on the forehead or on the spinal column of the subject. All three 
electrodes were connected by coupling cable to a rectilinear recording 
channel on the Physiograph Six machine. Once the subject was connected, 
the master switch was switched on and the recording channel activated.
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Actual pedalling rate, or frequency of pedalling, was also 
monitored by use of the Physiograph Six Rectilinear recording device. 
Electrodes were placed on each side of the motor point of the vastus 
medialis muscle of the right leg of the subject during each test and 
a recording made of the electrical impulses received by this muscle. 
Each impulse, which caused extension of the right lower leg, corre­
sponded to one revolution of the drive wheel. The electromyographic 
recording (EMG) of these impulses was obtained both as a raw EMG 
recording and an integrated EMG recording thus allowing for rapid and 
accurate calculation of the actual frequency of pedalling.
The machine used to establish each work task was a Monark 
Bicycle Ergometer. This was a frictional type of bicycle ergometer 
in which the work output was altered by adjusting either the frequency 
of pedalling by the subject or the resistance against which hfe pedalled. 
In making one complete pedal wheel revolution, the flywheel of the 
ergometer travelled a distance of six meters. Thus, it was possible to 
quickly compute the work load, in terms of kilopond meters per minute, 
for any individual work task.
For this study, each subject performed 14 differing work tasks 
on the bicycle ergometer. In a training session conducted before the 
tests were given, each subject was given practice in maintaining 
different frequencies of pedalling and was also permitted to find a 
comfortable and efficient seat position which was then used for each 
succeeding test. Before each work task, the subject was given a five 
minute rest period while seated on the bicycle ergometer. At the 
conclusion of this period of time, he started the work test by 
immediately pedalling at the desired frequency as set by the metronome.
As the subject started to pedal, the resistance on the bicycle 
ergometer was set to the desired level. During the course or the 
task the resistance level and frequency of pedalling were frequently 
checked to ensure that the specific work load was being maintained by 
the subject.
As the work levels of some tests were quite high (1200 KPM), 
a maximal heart rate of 180 beats per minute was established. Once a 
subject reached this level the test was concluded and all succeeding 
minute heart rates were recorded as 180 beats per minute. This level 
was determined by measuring the distance between seven heart beats (as 
determined by R spikes) at a recording speed of 2.5 centimeters per 
second. The distance covered was then converted to a minute heart 
rate by means of the appropriate table.
In order to ensure validity of each individual work test, a 
calibration of the bicycle ergometer was completed before the testing 
sessions were commenced. For this study the scale was calibrated so 
that accurate resistances of 1.00 kp, 1.50 kp, 2.00 kp, 2.50 kp, 3.00 kp, 
3.50 kp, and 4.00 kp could be obtained. Before each test was commenced 
the tester ensured that, with a slack brake belt, the reading on the 
scale was "0."
To minimize the effect of training and the learning situation 
on the data collected, a table of random numbers was used to randomize 
the test order. Each individual test was given a number and a table 
of random numbers entered to determine the order of testing. This 
procedure was used five times, once for each subject. Hence, all tests
16
were given in a randomized order.
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Before the testing sessions were commenced, the subjects were 
given the following instructions regarding their activity preceding 
each test. They were asked to:
i. avoid energetic activity preceding the work test,
ii. avoid a heavy meal preceding the work test,
iii. avoid smoking preceding the work test.
The dependent variable or measure of work output for each of 
the work tasks was heart rate. Heart rate was defined as "the number 
of ventricular beats per minute as counted from records of the 
electrocardiogram (9)" and was measured in terms of beats per minute.
All information pertaining to an individual’s score was recorded on 
the recording sheet which contained the EMG and ECG counts, these 
data were recorded on the form shown in Appendix C, page 64. Information 
from the individual scores was then collated onto a Master Score Sheet 
(Appendix A, page 48) which contained all of the raw data for all tests 
at one work load.
Final conclusions for this study were formulated by analytically 
comparing the heart rates measured during each minute of the six minute 
work test. In making this comparison the data were treated by a four 
way analysis of variance using a two by six by seven by five basic 
design.
The experimental design of this study can be described as a 
single group study with replication using one dependent variable and 
two treatments per subject. The null hypothesis for the study was that 
there was no significant difference between the mean heart rate for 
Set A tasks (constant resistance) and Set B tasks (constant frequency).
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The alternate hypothesis was that there was a significant difference 
between the mean heart rate of subjects for Set A tasks (constant 
resistance) and Set B tasks (constant frequency).
CHAPTER III
ANALYSIS OF DATA
The study included the testing and gathering of data for the 
two prescribed sets of work tasks. Each set consisted of seven paired 
tasks in which the total work output was equal. Each test period under­
taken by the five subjects was of six minutes duration. Thus, it was 
possible to identify four main factors in this study and to estimate 
their influence upon the dependent variable. These four main factors may 
be summarized as Sets, Time, Work Loads and Subjects.
The influence of the major factors and their interactions was 
identified by analysis of variance and F-test. Using the two by six by 
seven by five (2 X 6 X 7 X 5) factorial design, it was possible to set 
up a four way analysis of variance with the one dependent variable of 
heart rate. Using an analysis of variance program (ANOVA 6) it was 
possible to run this analysis on an IBM 360/40 computer.
A major assumption that must be applied to this experimental 
design and hence, statistical approach, concerns the theory of randomi­
zation. Subject selection was based on non-probability procedure due 
to the peculiar requirements for the subjects. Randomization was applied 
in the allocation of a treatment order.
The null hypothesis for this study was that there was no 
significant difference between the mean heart rate of subjects for 
Set A tasks (constant resistance) and Set B tasks (constant frequency).
1 LJ
20
The alternate hypothesis was that there was a significant difference 
between the mean heart rate of subjects for Set A tasks (constant 
resistance) and Set B tasks (constant frequency).
The alpha level chosen for this study was the 0.05 level of 
significance. This level was chosen because all tests were conducted 
in an open laboratory situation with only a limited degree of control 
over the subjects' physical and emotional levels. Thus, extraneous 
variables could have had some influence upon the dependent variable.
The four way analysis of variance shown in Table 4, page 21, 
expresses the tests of significance for all of the main factors plus 
all of the two way interactions involved in the study. Variation due 
to the effects of the three way and four way interactions were left in 
error as these factors had little importance in the experimental 
design used in the study.
For the stated purpose of this study the main interest is in 
the first effect, that of sets. This factor was tested for significance 
of the difference between the means for the two sets, constant resist­
ance and constant frequency. An F-ratio of 3.87 was required for 
significance at the 0.05 level with one and 314 degrees of freedom. As 
the F-ratio was greater than this value, the null hypothesis was 
rejected and, therefore, the alternate hypothesis was accepted.
An examination of Table 4, page 21, shows that all major 
factors show significant values. It was to be expected that the factors 
representing Work Loads, Time and Subjects would show significance, as 
the experimental design for this study prevented them from being constant 




FOUR WAY ANALYSIS OF VARIANCE TABLE FOR THE FACTOR 
SETS, WORK LOADS, TIME AND SUBJECTS
S
Sum of Degrees of Mean
Source of Variation Squares Freedom Squares F-Ratio
Sets 208.60 1 208.60 6.63*
Work Loads 178049.25 6 29674.88 943.78*
Time 31092.50 5 6218.50 197.77*
Subject 38694.48 4 9673.62 307.66*
Interactions
Sets X Work Loads 1727.46 6 287.91 9.16*
Sets X Time 75.90 5 15.18 .48
Sets X Subject 1944.65 4 486.16 15.46*
WTork Loads X Time 11315.88 30 377.20 11.99*
Work Loads X Subject 5466.23 24 227.76 7.24*
Time X Subjects 2254.71 20 112.74 3.59
Error 9872 314 31.44
Total 280702.13 419
*F-ratios that were significant with the associated degrees of
freedom at the 0.05 level •
Another statistical method used in this study involveti the
calculation of a Pearson Product Moment Correlation Coefficient to
ascertain the reliability of the study. The reliability indej< which
measured r = .86 was calculated by means of a Mean, Standard ]Deviation
Correlation Coefficient program (MSCDD) on the IBM 360/40 computer.
The raw data for this index were obtained from the 750 kilopond meter 
per minute tasks for Set A and Set B which used the same settings and, 
therefore, served as the reliability trials for the study. The infor­
mation derived from these trials is set out in Table 5.
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TABLE 5
PEARSON PRODUCT MOMENT CORRELATION COEFFICIENTS 
FOR RELIABILITY TRIALS
Reliability Standard
Trial Mean Deviation Variance
1 120.80 15.77 248.72
2 124.43 12.56 157.84
Correlation coefficient between trials 1 and 2 = ,857
A statistical analysis was also carried out of the actual 
pedalling frequencies obtained (observed frequencies) by the subjects 
to ascertain if they differed significantly from the pre-set or 
expected frequency of pedalling. A chi square (X ) test was used to 
determine if there was a significant difference between the observed 
and expected frequencies (15).
The observed frequencies were obtained from the records of 
each work test in that the count of the electromyogram recordings were 
an accurate record of the actual rate of pedalling achieved by each 
subject.
A consistant alpha level of U.05 with one degree of freedom 
was used to interpret all of the values. A chi square value of 3.841
was required for significance.
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The calculated chi square values for all work tests are listed 
in Table 6. These tests showed that at no frequencies did the observed 
rate of pedalling differ significantly from the expected rate of pedal­
ling.
TABLE 6




Work Settings (rpm) (rpm) Square
2.5 kp X 20 rpm 20 20.23 0.003 N.S 7
1.0 kp X 50 rpm 50 49.60 0.003 N.S.
2.5 kp X 30 rpm 30 29.90 0.003 N.S.
1.5 kp X 50 rpm 50 50.66 0.007 N.S.
2.5 kp X 40 rpm 40 39.57 0.005 N.S.
2.0 kp X 50 rpm 50 50.77 0.012 N.S.
2.5 kp X 50 rpm 50 50.19 0.001 N.S.
2.5 lcp X 50 rpm 50 50.19 0.001 N.S.
2.5 kp X 60 rpm 60 60.27 0.001 N.S.
3.0 kp X 50 rpm 50 50.17 0.001 N.S.
2.5 kp X 70 rpm 70 70.60 0.005 N.S.
3.5 kp X 50 rpm 50 50.33 0.002 N.S.
2.5 kp X 80 rpm 80 77.71 0.065 N.S.




A statistical examination by four way analysis of variance 
showed that there was a significant difference between the means of the 
two sets of work loads, constant resistance and constant frequency.
An examination of the raw data further shows that the tests which were 
of constant resistance elicited the higher heart rates. The difference 
in heart rates is at its greatest at the extremes of the range of work 
load tests.
Examination of the raw data and Figures 1 through 8, which 
represent the mean heart rates at each work level, reveals that the 
greatest difference in heart rates occurs in the 300 and 1200 kilopond 
meter per minute work tasks. In both of these work tasks there is a 
considerable difference in the frequency settings for Set A (constant 
resistance) and Set B (constant frequency) tasks. These differences 
in frequency and corresponding differences in the mean heart rates 
elicited for all work levels (taken from Appendix D) can be seen in 
Table 7, page 26.
The graphical representation in Figure 1 of the mean heart rate 
values over the full test period, shows hew a definite trend has appeared 
in the dependent variable. As the frequency differences have increased, 
the lines representing heart rate have diverged. When frequency dif­
ferences are minimal, the lines converge and form an area where neither
24
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300 450 600 750 900 1050 1200
Work loads in kpm
Fig. 1.— The effect’on mean heart rate of constant 
frequency and constant resistance over a six minute work 
period.
of the settings used appears to be advantageous over the other.
However, at the extreme ends, the settings of constant frequency elicit 
the lower heart rate and thus would appear to be more advantageous.
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TABLE 7
DIFFERENCES IN FREQUENCY AND MEAN HEART RATES 
FOR ALL WORK LEVELS
Difference in Difference in
Work Level Frequency Highest Mean Mean Heart Rate
(In kpm) (In rpm) Heart Rate (In beats/min)
300 30 Set A 5.9
450 20 Set A 0.9
600 10 Set B 1.9
750 • ■ Set B 3.6
900 10 Set B 2.9
1050 20 Set A 5.1
1200 30 Set A 6.1
Figures 2 through 8 also show how the differing work settings 
have created a difference in heart rates between the two sets of tasks. 
These figures give a better indication of the difference that exists 
over the full six minutes of the work tasks. As the task has proceeded, 
the difference in heart rate has tended to become greater, particularly 
in the tests at the extremes of the range. In the middle range tests, 
where the settings are similar, the heart rates tend to converge at the 
six minute level, thus implying that the energy requirements for those 

















Fig. 2.— Mean heart rate response on work tests














Fig. 3.— Mean heart rate response on work tests of















2.0 kp X 50 rpm Set B_
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Time in minutes
Fig. 4.— Mean heart rate response on work tests of


















Reliability trial No. 2
2.5 kp X 50 rpm Set A-
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Fig. 5.— Mean heart rate response on work tests of
















Fig. 6.— Mean heart rate response on work tests of
900 kilopond meters per minute.
Fig. 7.— Mean heart rate response on work test
1050 kilopond meters per minute.
s of
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Fig. 8.— Mean heart rate response on work tests of
1200 kilopond meters per minute.
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Figures 2 through S also show a considerable increase in heart 
rate in the first minute of exercise. This surge in heart rate is 
followed by a leveling off period where minute by minute increases in 
heart rate become smaller. An examination of the figures and the raw 
data shows that a steady state, where the heart rate increase is small, 
appears at minute five or six. This time level is supported by the 
work of Astrand and Rodahl (10). If steady state is accepted as an 
indication of the energy cost of a work task (10, 16), then a comparison 
between sets at minute six should indicate the energy requirements for 
the different work settings at each work level.
An exception to the initial surge in heart rate followed by a 
slight increase may be seen in Figure 2 which represents the mean heart 
rate for Sets A and B at the 300 kilopond meter per minute level. At 
this work intensity, the initial increase in heart rate in both sets 
is followed by a drop at minute four then the leveling off process is 
recommenced. Apparently, the bodily systems have difficulty in 
adjusting to this low work task. The initial surge and drop may be due 
to a need to overcome inertia and then, readjustment as the energy cost 
of the exercise is overcompensated by the receptors of the body.
However, this overcompensation is quickly righted since by minute five 
the heart rate has again approached a steady state.
Figures 9 through 14, showing the effect of constant frequency 
and constant resistance at the one through six minute levels, reveal 
a linear relationship between intensity of work and heart rate. Ttiis 
relationship is particularly noticeable in the exercises with a common 

















Fib. 9.— The effect on mean heart rate of constant
frequency and constant resistance at the one minute level.
36
Fig. 10.— The effect on mean heart rate of constant
frequency and constant resistance at the two minute level.
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Fig. 11.— The effect on mean heart rate of constant

















Fig. 12.— The effect on mean heart rate of constant
frequency and constant resistance at the four minute level.
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Fig. 13.— The effect on mean heart rate of constant 
frequency and constant resistance at the five minute level.
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Fig. 14.— The effect on mean heart rate of constant 
frequency and constant resistance at the six minute level.
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(constant frequency) vary slightly from the linear relationship 
according to the work intensity.
All figures show that the two lines representing heart rates 
for Set A and Set B cross at approximately the same two points. This 
would suggest that the most favorable rate of pedalling would vary 
according to the intensity of the work. Figure 14 indicates that at 
a low intensity, a frequency speed of approximately 45 pedal revo­
lutions per minute would appear to elicit the lowest heart rate. As 
the intensity of work is increased, the frequency rate should also be 
increased. With work loads of 600 to 900 kilopond meters per minute 
a frequency between 45 and 60 pedal revolutions per minute would appear 
to be more appropriate. Intensities of 900 kilopond meters to 1200 
kilopond meters per minute demand a higher intensity of 60 to 65 pedal 
revolutions per minute. However, a frequency of 65 pedal revolutions 
per minute would appear to be the highest frequency that should be set 
for any task. This setting agrees with the studies cited in the
Oliterature where Astrand (3) and Kettleson and Lawson (12) presented 
evidence that the most favorable frequency setting for any moderate 
task appeared to be 60 pedal revolutions per minute.
A Pearson Product Moment reliability coefficient for the tests 
was established at r = .86. A graphical representation of this coef­
ficient can be easily seen at the 750 kilopond meter per minute level 
on Figures 9 through 14 or Figure 3. An examination of the related 
literature shows that this figure must be regarded as being only average 
for a study of this type. Wyndham et al (17) found for maximal heart 
rate that the coefficient of variation was approximately 4.3 per cent. 
Alderman (18) determined that the correlation between exercise times
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to 180 beats per minute was .933 after correction. In an earlier 
study, Alderman (19) calculated reliability coefficients for the heart 
rate at lower levels of performance. These coefficients ranged from 
.292 for 100 beats per minute to .818 for 140 beats per minute to .888 
for 170 beats per minute.
An examination of the raw data for the reliability trials shows 
why the reliability coefficient was not high. While most subjects 
recorded similar heart rates for both tests, Subject 2 (T.G.) showed 
far higher heart rates (up to 16 beats per minute higher) for relia­
bility trial one than for reliability trial two. One explanation for 
this difference in heart rates can be found in the environmental 
conditions existing during the tests. A difference of eight degrees 
Fahrenheit occurred between the two days on which the tests were 
conducted with the higher temperature reading occurring on the day of 
the first reliability trial when the higher readings were recorded. 
Additionally, the first reliability trial was one of the first tests 
completed by this subject while the second reliability trial was one 
of the last tests undertaken. Thus, there was a time difference of 
approximately two weeks between this subject's first and second relia­
bility trials. During this time period, there could have been both a 
training effect and a learning situation which would have contributed 
to the decline in the heart rate elicited in reliability trial two.
Although the tests used were designed to be of a sub-maximal 
or aerobic nature, there is some evidence that in undertaking the 
highest intensity tests, some subjects could have gone beyond their 
highest aerobic powers and had to call upon anaerobic reserves to 
complete the task. This factor can be seen in the heart rates of two
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subjects which reached high levels at tests of the highest intensity. 
Additionally, the heart rates during the post exercise period dropped 
very slowly, indicating that an oxygen debt had been accumulated during 
the performance of the work task.
A statistical examination of the actual pedalling frequency of 
the subjects showed that they did not differ significantly from the 
set frequency. However, in the practical situation, this test of 
significance proved to be of very little value, as any variation what­
soever from the set frequency of pedalling could elicit a different 
response in heart rate from that of the sec frequency. In the 1200 
kilopond meter per minute tests for Set A, the subjects maintained a 
mean frequency of 77.7 rpm rather than the set frequency of 80 rpm.
The difference between frequencies is 2.3 rpm, a figure which is not 
statistically significantly different from the expected frequency. 
However this small difference of 2.3 rpm represents a lessening in the 
work load of 34.5 kilopond meters per minute, a reduction which could 
have elicited a lower heart rate than with a test of a true 1200 
kilopond meters per minute.
Some subjects experienced considerable difficulty in the tests 
at 1200 kilopond meters per minute. In Set A which used settings of 
2.5 kp times 80 rpm the subjects had difficulty in maintaining the 
desired frequency as they found the cadence as set by the metronome 
difficult to follow. Set B used test settings of 4.0 kp times 50 rpm 
and in this test the subjects complained of difficulty in finishing 
the test due to pain in the thighs. This sensation of pain could be 
due to a build up of lactic acid and other metabolites in the extensor 
muscles of the lower leg.
CHAPTER V
CONCLUSIONS AND RECOMMENDATIONS 
Conclusions
Within the limits of this study, it must be concluded that 
the work output for tasks on a bicycle ergometer will vary according 
to the settings used on the ergometer. This difference, which is 
statistically significant at the 0.05 level, appears to be at its 
greatest when the total work load is 300 and 1200 kilopond meters per 
minute. At these settings there was a difference in the rate of pedal­
ling of 30 rpm.
Total work loads of 600, 750 and 900 kilopond meters per 
minute elicited little difference in heart rates regardless of the 
settings and thus, it must be concluded that at these work loads the 
slight differences in frequency and resistance used in this study had 
little effect upon heart rate.
An overall view of all tasks shows that Set A, the series of 
tests holding resistance constant, elicited the greater heart rate.
As resistance was constant for these tests, it must be concluded that 
the variable factor in this set, i.e., frequency had the greatest effect 
upon heart rate and thus, energy output.
The least favorable frequency settings appeared to be those 
that were either extremely high or extremely low, i.e., below 40 rpm 
or above 65 rpm. The most favorable settings appeared to depend upon
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the intensity and resistance of each task. A frequency of 40 rpm 
appeared more favorable for tasks below 650 kpm. This would also 
imply that the resistance be at or below 2.5 kiloponds for these tasks, 
With work loads of from 600 to 900 kilopond meters per minute a 
frequency setting of from 40 to 60 rpm appears more favorable.
Heavier work tasks demand a frequency of 65 rpm in order to produce 
the most mechanical work with the least increase in heart rate.
Under the conditions of this study it appears that the 
moderately well conditioned athlete, under a medium to high work load, 
will reach and maintain a steady state in approximately five to six 
minutes.
The results of this study show that the dominating factor in 
the setting of a work task on a bicycle ergometer is the frequency of 
pedalling. In deciding upon the actual settings for the task, consid­
eration must be given to using the frequency settings that appear to 
be the most favorable instead of depending upon a constant frequency 
setting for all tasks. This conclusion can be carried over to all 
tasks involving physical work. It would appear that the least amount 
of energy would be consumed when the speed of movement of the task is 
adjusted according to the amount or weight of the resistance to be 
moved.
Recommendations
Before application is made of the conclusions of this report, 
there is a need to replicate the general principle of the study, but 
with changes in the experimental design and experimental method.
Firstly, in a study of this type where small differences in 
heart rate are important, an attempt should be made to maintain strict
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controls over the subjects. Before all tests, the subjects should be 
given a period of one hour of rest and observation. In addition to 
resting pulse rate, blood pressure and body temperature should be 
taken in an attempt to ensure that the physical and emotional levels 
of the subjects are constant for all tests. The activity of the 
subjects outside of test sessions should also be observed to help 
prevent any training effect upon the dependent variable for the test. 
Subjects should also be given adequate training in the maintenance of 
different frequencies of pedalling on the bicycle ergometer.
In order to help reduce any training effect that may take 
place in such a long series of tests, the researcher could space his 
tests out over a longer period of time so that there would be a time 
lapse of a few days between tests. This would help prevent the 
subjects gaining physical fitness as a result of the tests. The 
researcher should attempt to plan his study so that all tests are 
completed at the same time of day and he should ensure that the 
subjects maintain the same daily habits.
In maintaining high frequencies of pedalling, the use of a 
speedometer rather than a metronome should be considered. Many 
subjects have difficulty in following the cadence as set by the 
metronome and the use of a speedometer with a dial face calibrated to 
different frequency speeds should aid in ensuring that the subject does 
conform to the pre-set test conditions.
The validity of the conclusions reached in research of this 
nature depends to a large extent upon attaining pre-set test conditions. 
It must be recommended that in future research of this type, jj.f the 
subject undergoing the test does not conform closely to these pre-set
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conditions, then the data should be rejected and the subject asked 
to repeat that particular test.
In view of the conclusions reached by this study, the use of 
fixed work ergometers where the same work load is maintained regardless 
of the pedal frequency maintained by the subject must be regarded as 
suspect. Researchers should attempt to use ergometers where the 
subject must perform at a constant frequency rate if they wish the 
subject's energy output over the work task to remain constant.
Rather than using heart rate as the indicator of energy output, 
it must be recommended that oxygen utilization be used to estimate the 
energy cost of each work task. This would allow the subjects to 
perform tests of an anaerobic nature as well as of an aerobic nature 
and give a more exact indication of the energy changes caused by 
different resistance and frequency settings in any constant work load.
APPENDIX A
MASTER SCORE SHEETS FOR RECORDING RAW
DATA WITH CONSTANT RESISTANCE
MASTER SCORE SHEET
Total Work Load: 300 kpm Work Load Settings: 2.5 kp X 20 rpm
Subject 1 Subject 2 Subject 3 Subject 4 Subject 5
HR EMG HR EMG HR EMG HR EMG HR EMG
Rest
Period
1. 75 68 87 69 76
Pre- 2. 75 64 85 68 72
Work
(5 mins.) 3. 64 72 87 66 69
4. 68 69 86 76 80
5. 68 66 87 67 73
Work
Period
1. 86 20 86 20 114 20 90 20 91 24
(6 mins.) 2. 87 19 88 20 127 20 97 20 93 20
3. 88 20 92 20 127 21 95 20 93 20
4. 88 20 88 20 127 20 94 20 92 21
5. 86 20 91 20 130 21 95 20 93 20
6. 90 20 92 20 129 21 93 20 96 20
Rest
Period
i. 78 73 109 69 79
Post 2. 72 67 98 63 66
Work
(5 mins.) 3. 73 66 103 65 70
4. 71 65 96 65 72
5. 72 67 92 68 70
Environ­
mental
T. 82°F 81°F 80°F 81°F 84°F
condit- H. 61% 72% 68% 69% 76%
ions































1. 65 66 70 79 75
2. 61 63 75 80 73
3. 64 62 71 85 74
4. 62 62 85 87 75
5. 60 65 75 87 76
1. 82 30 81 29 105 30 104 30 98 30
2. 90 30 90 29 118 30 108 30 :l 0 5 30
3. 91 29 89 30 122 30 108 30 :L03 30
4. 93 30 89 29 125 29 106 30 ;L03 30
5. 93 31 89 29 128 30 107 31 ]L06 30
6. 94 31 89 31 129 29 111 30 :LOS 30
i. 77 69 110 86 86
2. 71 61 94 80 84
3. 69 68 100 82 76
4. 68 67 96 84 70
5. 73 68 89 83 86
T. 76°F 78°F o79 F o82 F o85 F
E. 66% 67% 64% 76% 60%
A.P. 28.80 ins 28.85 ins. 29.15 ins 28.80 ins 19.10 ins
MASTER SCORE SHEET
Total Work Load: 600 kpm Work Load Settings: 2.5 kp X 40 rpm
Subject 1 Subject 2 Subject 3 Subject 4 Subject 5
HR EMG HR EMG HR EMG HR EMG HR EMG
Rest
Period
1. 66 61 80 77 86
Pre-
Work
2. 71 61 89 79 81
(5 mins.) 3. 75 62 85 77 84
4. 69 65 81 80 86
5. 69 71 77 80 89
Work
Period
1. 91 39 96 39 106 40 n o 37 104 39
(6 mins.) 2. 104 39 98 38 131 39 116 42 119 40
3. 107 40 107 40 131 37 113 40 118 41
4. 106 39 110 40 141 40 109 40 119 40
5. 106 40 111 40 147 39 114 40 120 41
6. 108 40 109 38 152 39 113 41 124 40
Rest
Period
1. 93 83 127 92 101
Post 2. 78 70 110 81 87
Work
(5 mins.) 3. 79 76 103 82 83
4. 77 73 101 81 86
5. 76 71 96 79 87
Environ­
mental
T. 75°F 81° F 76°F 84°F 84° F
Condit- H «. 75% 65% 51% 66% 66%
ions
A. P . 29.20 ins 29.20 ins 29.25 ins 28.80 ins 28.80 ins
MASTER SCORE SHEET
Total Work Load: 750 kpm Work Load Settings: 2.5 kp X 50 rpm
Subject 1 Subject 2 Subject 3 Subject 4 Subject 5
HR EMG HR EMG HR EMG HR EMG HR EMG
Rest
Period
1. 78 60 71 69 71
Pre-
Work
2. 65 62 71 78 70
(5 mins.) 3. 66 61 75 71 77
4. 67 60 74 68 69
5. 65 59 74 76 73
Work
Period
1. 95 51 95 52 120 53 105 49 108 51
(6 mins.) 2. 113 50 106 50 137 50 114 50 127 50
3. 116 50 106 50 138 48 116 50 132 51
4. 116 50 108 50 143 49 118 50 131 53
5. 120 50 107 50 151 49 116 50 140 51
6. 122 50 108 49 154 48 117 50 145 53
Rest
Period
1. 96 77 124 92 117
Post
Work
2. 80 63 105 76 85
(5 mins.) 3. 74 62 97 75 87
4. 74 63 97 73 84
5. 77 61 90 75 87
Environ- T. 81°F 78°F 78°F 82°F 85°F
mental 
Condit- H. 69% 67% 68% 69% 63%
ions
A. P. 28.80 ins 28.85 ins 29.05 ins 29.20 ins 29.00 ins
MASTER SCORE SHEET
Total Work Load: 900 kpm Work Load Settings: 2.5 kp X 60 rpm
Subject 1 Subject 2 Subject 3 Subject 4 Subject 5
HR EMG HR EMG HR EMG HR EMG HR EMG
Rest
Period
1. 60 77 94 58 70
Pre- 2. 65 69 91 61 73
Work
(5 mins.) 3. 68 72 93 60 75
4. 62 72 85 74 76
5. 66 76 96 68 74
Exercise
Period
1. 101 59 107 61 127 58 113 58 111 58
(6 mins.) 2. 124 61 120 60 157 61 123 60 133 61
3. 127 61 127 60 167 62 126 61 140 61
4. 134 61 126 60 165 60 130 60 144 62
5. 131 61 133 59 177 59 131 61 147 61
6. 137 61 133 60 177 60 134 60 150 61
Rest
Period
1. 104 101 162 99 118
Post
Exercise
2. 81 88 139 68 90
(t mins.) 3. 71 78 120 71 86
4. 68 82 113 73 86
5. 69 78 115 75 87
Environ- T. 84°F 80°F 78°F 82°F 80° F
mental
Condit- H. 70% 64% 67% 61% 64%
ions A.P. 29.15 ins 29.20 ins 29.25 ins 29.20 ins 29.20 ins
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MASTER SCORE SHEET
Total Work Load: 1050 kpm Work Load Settings: 2.5 kp X 70 rpm
Subject 1 Subject 2 Subject 3 Subject 4 Subject 5
HR EMG HR EMG HR EMG HR EMG HR EMG
Rest
Period
1. 65 76 68 71 74
Pre- 2. 65 65 70 75 73
Work
(5 mins.) 3. 65 59 73 78 77
4. 63 64 80 79 76
5. 64 65 78 79 76
Work
Period
1. 110 69 114 69 134 71 122 68 114 67
(6 mins.) 2. 136 70 132 70 160 74 140 67 141 70
3. 144 70 137 73 169 74 144 68 152 71
4. 148 69 144 71 175 75 146 71 158 71
5. 153 69 146 70 179 74 150 71 165 71
6 • 158 69 151 70 180 74 154 70 168 72
Rest
Period
i. 122 118 170 117 136
Post 2. 82 100 145 84 no
Work
(5 mins.) 3. 87 91 134 85 96
4. 83 88 130 88 101
5. 81 86 125 88 95
Environ- T. 80°F 85°F 82°]F 85°F 81°F
mental
Condit- H. 61% 60% 61% 63% 68%
ions
A.P. 29.10 ins 29.10 ins 29.20 ins 29.00 ins 19.20 ins
MASTER SCORE SHEET
Total Work Load: 1200 kpm Work Load Settings: 2.5 j X 80 rpm
Subject 1 Subject 2 Subject 3 Subject 4 Subject 5
HR EMG HR EMG HR EMG HR EMG HR EMG
Rest
Period
1. 76 64 84 58 80
Pre-
Work
2. 77 64 77 62 79
(5 mins.) 3. 80 63 83 59 83
4. 75 69 79 63 86
5. 79 72 81 68 82
Work
Period
1. 120 75 129 76 136 73 116 76 123 76
(6 mins.) 2. 146 78 154 77 161 75 139 77 154 78
3. 155 75 163 75 171 76 151 81 163 77
4. 159 80 170 79 180 78 157 82 168 78
5. 162 79 176 79 180 166 81 172 79
6. 167 77 180 79 180 170 82 179 78
Rest
Period
i. 141 164 162 137 148
Post
Work
2. 112 145 141 112 121
(5 mins) 3. 102 125 139 103 113
4. 99 107 131 94 105
5. 90 105 124 95 98
Environ- T. 82°F 81°F 81°F o79 F 80°F
mental
Condit- H. 61% 80% 58% 67% 64%
ions
A. P . 29.15 ins 29.80 ins 29.15 ins 29.15 ins 19.15 iris
APPENDIX B
MASTER SCORE SHEETS FOR RECORDING RAW
DATA WITH CONSTANT FREQUENCY
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MASTER SCORE SHEET
Total Work Load: 300 kpm Work Load Settings: 1.0 kp X 50 rpm
Subject 1 Subject 2 Subject 3 Subject 4 Subject 5
HR EMG HR EMG HR EMG HR EMG HR EMG
R.est
Period
1. 62 72 59 66 78
Pre-
Work
2. 64 61 61 69 77
(5 mins.) 3. 65 55 62 73 77
4. 69 61 74 76 78
5. 73 66 58 75 81
Work
Period
1. 90 46 99 50 78 47 92 49 96 50
(6 mins.) 2. 95 50 89 51 86 46 94 49 98 51
3. 94 50 89 51 93 50 92 49 98 50
4. 93 49 87 50 94 49 90 50 95 51
5. 97 50 86 50 94 49 87 50 96 50
6. 95 49 86 50 91 51 92 50 96 51
Rest
Period
1. 79 68 72 78 81
Post 2. 73 58 54 73 80
Work
(5 mins.) 3. 75 61 65 69 74
4. 73 65 62 70 79
5. 72 64 63 68 84
Environ- T. 80°F 80°F 76°F 78°F 83°F
mental
Condit- H. 68% 72% 70% 67% 53%
ions
A.P. 29.10 ins 29.00 ins 29.20 ins 28.75 ins 29.00 ins
MASTER SCORE SHEET
Total Work Load: 450 kpm Work Load Settings: 1.5 kp X 50 rpm
Subject 1 Subject 2 Subject 3 Subject 4 Subject 5
HR EMG HR EMG HR EMG HR EMG HR EMG
Rest
Period
1. 63 60 60 68 87
Pre- 2. 65 72 63 72 89
Work
(5 mins.) 3. 61 68 61 69 89
4. 63 66 59 67 88
5. 61 70 69 73 90
Work
Period
1. 85 50 93 50 103 50 92 51 104 48
(6 mins.) 2. 90 50 100 50 112 50 92 50 111 51
3. 89 50 99 50 110 50 94 51 114 50
4. 90 51 102 51 109 50 94 51 115 51
5. 92 50 100 51 111 50 94 50 118 52
6. 93 51 102 50 113 50 93 51 122 53
Rest
Period
1. 76 80 81 73 95
Post
Work
2. 66 65 66 65 83
(5 mins.) 3. 66 66 66 64 84
4. 69 65 66 63 82





77 F o80 F 85°F 82°F
Condit- H. 60% 58% 54% 60% 61%
ions
A.P. 29.10 ins 29.35 ins 29.00 ins 29.10 ins 29.15 ins
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MASTER SCORE SHEET
Total Work Load: 600 kpm Work Load Settings: 2.0 kp X 50 rpm
Subject 1 Subject 2 Subject 3 Subject 4 Subject 5
HR EMG HR EMG HR EMG HR EMG HR EMG
Rest 1. 76 62 76 82 75
Period
Pre- 2. 74 65 80 80 76
Work
(5 mins.) 3. 78 66 75 82 74
4. 69 65 77 86 76
5. 70 65 75 90 78
Work 1. 102 57 96 49 115 48 103 50 102 55
Period 
(6 mins.) 2. 117 54 97 47 138 51 118 50 115 53
3. 121 55 99 48 142 51 115 49 115 51
4. 126 53 97 48 146 50 114 50 114 52
5. 125 53 96 48 148 51 118 50 116 51
6. 125 51 96 48 149 50 116 49 118 51
Rest 1. 97 71 116 86 90
Period
Post 2. 77 66 99 76 64
Work
(5 mins.) 3. 82 62 98 82 72
4. 73 60 91 79 74
5. 79 60 96 81 79
Environ- T. 84°F 80°F 80°F 80°F 80°F
mental
Condit- H. 66% 68% 64% 68% 61%
ions
A. P. 28.80 ins 29.90 ins 29.00 ins 29.10 ins 29.20 ins
60
MASTER SCORE SHEET
Total Work Load: 750 Total Load Settings: 2.5 kp X 50 rpm
Subject 1 Subject 2 Subject 3 Subject 4 Subject 5
.m . EMG HR EMG HR EMG HR EMG HR EMG
Rest
Period
1. 82 74 68 63 79
Pre- 2. 72 77 68 61 79
Work
(5 mins.) 3. 76 77 64 65 82
4. 75 77 69 66 83
5. 75 82 62 70 81
Work
Period
1. 102 50 113 51 118 50 96 48 106 47
(6 mins.) 2. 119 50 124 50 131 49 113 49 127 51
3. 121 51 122 51 137 50 118 50 129 51
4. 127 50 122 50 141 50 117 50 130 51
5. 128 50 126 51 151 51 120 50 132 51
6. 128 51 124 50 155 50 119 50 137 54
Rest
Period
i. 104 95 119 84 114
Post 2. 91 79 102 70 88
Work
(5 mins.) 3. 80 81 98 71 86
4. 81 76 88 75 88
5. 80 78 87 77 86
Environ­
mental
T. 80°F 86°F 78°F 80°F 83°F
Condit­
ions
II. 65% 63% 68% 61% 66%
A.P. 29.20 ins 29.00 ins 29.20 ins 29.15 ins 29.00 ins
MASTER SCORE SHEET
Total Work Load: 900 Icpm Total Load Settings: 3.0 kp X 50 rpm
Subject 1 Subject 2 Subject 3 Subject 4 Subject 5
HR EMG HR EMG HR EMG HR EMG HR EMG




2. 71 50 78 72 76
( 5 mins.) 3. 68 58 84 67 77
4. 69 51 84 71 81
5. 75 50 94 66 81
Work
Period
1 . 109 50 114 49 134 49 112 48 119 52
(6 mins.) 2. 130 51 125 50 158 50 126 51 137 49
3. 134 51 127 51 161 51 129 50 145 50
4. 140 51 128 50 169 51 127 50 147 49
5. 145 51 129 49 170 50 132 50 153 50
6. 147 51 127 51 173 52 135 50 159 50
Rest
Period
1 . 117 84 155 98 118
Post 2. 95 68 141 68 92
Work
(5 mins.) 3. 87 66 124 73 86
4. 83 67 109 75 86
5. 85 64 110 80 87
Environ­
mental
T. 85°F 78°F 80°F S4°F o81 F
Condit- H. 63% 67% 72% 76% 80%
ions
A. P. 29.00 ins 29.00 ins 29.00 ins 29.00 ins 29.80 ins
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MASTER SCORE SHEET
Total Work Load: 1050 kpm Total Load Settings: 3.5 kp X 50 rpm
Subject 1 Subject 2 Subject 3 Subject 4 Subject 5
HR EMG HR EMG HR EMG HR EMG HR EMG
Rest
Period
1 . 68 70 80 60 77
Pre- 2. 63 64 84 58 80
Work
(5 mins.) 3. 66 71 84 61 74
4. 69 67 85 62 83
5. 71 73 81 60 75
Work
Period
1 . 100 48 112 49 132 47 96 50 123 50
(6 mins.) 2. 132 50 131 50 156 50 121 50 146 49
3. 139 50 136 49 169 53 128 50 153 50
4. 145 50 140 50 174 57 130 52 156 50
5. 147 50 140 49 180 58 134 50 163 50
6. 153 50 141 50 180 54 136 50 167 49
Rest
Period
i. 107 109 167 93 133
Post
Work
2. 96 91 146 80 107
(5 mins.) 3. 76 87 138 70 106
4. 78 86 135 72 89
5. 82 83 128 70 92
Environ- T. 77°F 83°F 82°F 77°F
o78 F
mental
Condit- H. 59% 80% 59% 64% 67%
ions
A.P. 29.35 ins 29.00 ins 29.05 ins 29.10 ins 28.85 ins
63
MASTER SCORE SHEET
Total Work Load: 1200 kpm Total Load Settings: 4.0 1cp X 50 rpm
Subject 1 Subject 2 Subject 3 Subject 4 Subject 5
HR EMG HR EMG HR EMG HR EMG HR EMG
Rest
Period
1. 65 67 51 75 71
Pre- 2. 71 70 55 75 74
Work
(5 mins.) 3. 74 69 59 76 72
4. 71 67 70 78 70
5. 82 74 80 78 74
Work
Period
1. 132 49 115 49 122 47 116 47 115 46
(6 mins.) 2. 149 51 139 50 159 50 142 50 142 48
3. 158 49 143 49 170 51 155 50 154 47
4. 161 51 145 49 177 52 155 50 158 52
5. 166 51 150 50 180 52 160 50 167 49
6 • 168 51 150 49 180 164 51 170 50
Rest
Period
i. 151 113 174 130 139
Post 2. 119 94 153 103 113
Work
(5 mins.) 3. 103 94 131 95 98
4. 93 90 105 97 98
5. 98 88 109 89 96
Environ­
mental T. 85°F 76°F 79°F
o83 F o78 F
Condit­
ions H. 66% 66% 67% 66% 56%
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MEAN HEART RATES OF CONSTANT FREQUENCY 
AND CONSTANT RESISTANCE TESTS
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Set A - Constant Resistance Set B - Constant Frequency
300 kpm 300 kpm
Minute 1. 93.4 Minute 1. 91.0
2. 98.8 2. 92.4
3. 99.0 3. 93.2
4. 97.8 4. 91.8
5. 99.0 5. 92.0
6. 100.0 6. 92.0
Mean 98.0 Mean 92.1
450 kpm 450 kpm
Minute 1. 94.0 Minute 1. 95.4
2. 102.2 2. 101.0
3. 102.6 3. 101.2
4. 103.2 4. 102.0
5. 104.6 5. 103.0
6. 106.2 6. 104.6
Mean 102.1 Mean 101.2
600 kpm 600 kpm
Minute 1. 101.4 Minute 1. 103.6
2. 113.6 2. 117.0
3. 115.2 3. 118.4
4. 117.0 4. 119.4
5. 119.6 5. 120.6
6. 121.2 6. 120.8
Mean 114.7 Mean 116.6
750 kpm 750 kpm
Minute 1. 104.6 Minute 1. 107.0
2. 119.4 2. 123.2
3. 121.6 3. 122.8
4. 123.2 4. 127.4
5. 126.8 5. 131.4
6 . 129.2 6. 132.6
Mean 120.8 Mean 124.4
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900 kpm 900 kpm
Minute 1. 111.8 Minute 1. 117.6
2. 131.4 2. 135.2
3. 137.4 3. 139.2
4. 139. S 4. 142.2
5. 143.8 5. 145.8
6. 146.2 6. 148.2
Mean 135.1 Mean 138.0
1050 kpm 1050 kpm
Minute 1. 118.8 Minute 1. 112.6
2. 141.8 2. 137.2
3. 149.2 3. 145.0
4. 154.2 4. 149.0
5. 158.6 5. 152.8
6. 162.2 6. 155.4
Mean 147.1 Mean 142.0
1200 kpm 1200 kpm
Minute 1. 124.8 Minute 1. 120.0
2. 150.8 2. 146.2
3. 160.6 3. 156.0
4. 166.8 4. 159.2
5. 171.2 5. 164.6
6. 175.2 6. 166.4
Mean 158.2 Mean 152.1
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